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Supplemental Figure 1. MetaCyc pathway enrichment analysis of experimentally
characterized genes in A. thaliania. The x axes (top) depict log10 transformations of the
relative change ratio (RCR) for genes with experimentally verified functions in modules versus
those not assigned to modules. Significantly enriched (RCR > 0) or depleted (RCR < 0)
MetaCyc pathway categories are indicated by the dark blue and black bars for secondary
metabolism and all other categories, respectively; *P < 0.05, **P < 0.005, ***P < 0.0005
(Benjamini & Hochberg adjusted P values, hypergeometric test; Table S4). Grey arrows
indicate that the bottom 8 pathway categories are children of ‘Biosynthesis’ in the MetaCyc
hierarchy. Red rectangle indicates the results from Mutual Rank network N1 (microarray
dataset) presented in the main text (Figure 2A).

(Supports Figure 2.)
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Supplemental Figure 2. Comparison of Mutual Rank (MR)-based and Pearson’s correlation-based networks using 10 microarray (m) and
RNAseq (r) co-expression datasets. MR scores and correlations were downloaded from ATTED-II and converted to network edge weights using the
formulas at the bottom right; networks were ordered such that N1 was the smallest network with the fewest nodes/edges, and N5 was the largest network
with the most nodes/edges. Modules of tightly co-expressed genes were detected by ClusterONE using default parameters (P value < 0.1). Networks with
missing values—e.g., Pearsons’s correlation-based N5 in B. rapa (r)—indicate that ClusterONE exceeded the 24-hour allowable runtime and did not
finish; median runtime was 0.06 hours with access to 12 GB of Ram. SM-like modules were collapsed into meta modules of non-overlapping gene sets.
Red rectangle indicates the results from MR-based networks N1-N3 presented in the main text (Figure 2B). Comparing the number of edges and genes
(top two plots) in the microarray-based versus RNAseg-based networks in A. thaliana and O. sativa demonstrates how the Pearson’s correlation-based
networks (pink) were more variable in response to differences in the number of experimental samples and genome coverage in the co-expression
analyses; in contrast, the MR-based networks (green) were less affected by these differences.

(Supports Fiaure 2.)
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Supplemental Figure 3. Overlapping co-expressed modules recover the pathway for metGSL biosynthesis in A. thaliana. Nodes in the network maps
represent genes. Edges connecting two genes represent the mean weight (transformed MR) for the association across all three networks (N1-N3). Network
maps were drawn using a Fruchterman-Reingold force-directed layout using the igraph R package (http://igraph.org). Genes involved in metGSL biosynthesis
are color-coded according to their function: orange for enzymatic genes, dark blue for those encoding transporters, and light blue for those encoding transcription
factors. In the smallest network, N1, metGSL genes were assigned to three modules (MOD02141, MOD00302, and MOD00221). Note the overlapping nature of
MODO02141 and MOD00302, with three genes (CYP79F1, FMO GS-OX3, and FMO GS-OX1) being assigned to both modules. In networks N2 and N3, the
modules are fewer and larger, recovering more of the metGSL pathway into a single module at the expense of including additional genes (gray circles) that may
or may not be involved in the pathway.

(Supports Figure 3.)
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Supplemental Figure 4. Comparison of degree of gene co-expression in core versus terminal modification genes in
metGSL biosynthesis. In general, the core GSL genes are show strong co-expression (A) and behave similarly across perturba-
tion experiments (B). Modification genes not co-expressed (C) and are more variable across perturbation experiments (D),
explaining why fewer of these genes are recovered in co-expression modules. Diagonal numbers in heatmaps indicate MR scores;
squares are blank if MR > 100. The ATTED-II datasets used in this analysis consist only of pairwise correlations of gene co-ex-
pression. Data from individual experiments/conditions that underly these correlations are not provided for bulk download. We used
Genevestigator to visualize how gene expression within a known SM pathway varies across a similar dataset. Difference in gene
expression between the control condition and all RNAseq perturbation experiments in wild-type genetic background in A. thaliana
are plotted for both core and modification metGSL genes.

(Supports Figure 3.)
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Supplemental Figure 5. Maximum likelihood phylogeny of Brassicaceae MAM and IPMS sequences. Tree is midpoint rooted. Branches with
less than 50% bootstrap support were collapsed using TreeCollapserCL4. Numbers above branches indicate the percentage of bootstrap replicates
suppporting each branch. Scale bar indicates the mean expected rate of nucleotide substitution per site. MAMs from A. thaliana and B. rapa that are

co-expressed with other metGSL genes are bolded. Note: this phylogeny provides no resolution for labeling B. rapa genes as either MAM1- or
MAM3-like.
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Supplemental Figure 6. Maximum likelihood phylogeny of Brassicaceae GSTU sequences. Tree is midpoint rooted. Branches with less than 50%

bootstrap support were collapsed using TreeCollapserCL4. Numbers above branches indicate the percentage of bootstrap replicates suppporting each branch.
Scale bar indicates the mean expected rate of nucleotide substitution per site. A. thaliana GSTU sequences are labeled according to ensembl. The predicted CDS
from A. lyrata fgenesh1_pm.C_scaffold_2001774 was three times as long as other GSTUs in this tree, consisting of three GSTU domain duplicates. Individual
domains from this CDS were evaluated independently (see ‘Nterm’, ‘middle’, and ‘Cterm’ leaves) and each group with a seperate GSTU clade in the phylogeny.
Note: GSTUs from A. thaliana and B. rapa that are co-expressed with metGSL genes (bolded) are not orthologous.
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Supplemental Figure 7. Network maps of co-expression modules involved in thalianol and marneral triterpenoid
biosynthesis in A. thaliana. Nodes in the maps represent genes. Edges connecting two genes represent the weight

(transformed MR score) for the association in the specified network. Network maps were drawn using a Fruchterman-Rein-

gold force-directed layout using the igraph R package (http://igraph.org).
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Supplemental Figure 8. Network map of co-expression module involved in momilactone and phytocas-
sane diterpenoid biosynthesis in O. sativa. Network maps are drawn as described in Supplemental Figure 7.
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Supplemental Figure 9. Network maps of co-expression modules involved in tomatine biosynthesis in S. lycopersicum.
Network maps are drawn as described in Supplemental Figure 7.
(Supports Figure 6.)



%TAAIB@B"#!I)RI#F)"'$GBJIWB9)B#)!IF)2I!"#),BI1)OD/0.P)0/F00/<a#AJFO.F//II;F

1" #$%&'%()*+,07 ! 1" #$%& Yo ()*+,-. , OF/
D>,?@!AABC)*+,D-7 '10+44/4/ 1" #$%&'%()*+,-0 N
1:40-<7/ ' 012+ 10+ m F<
%90*/ - 012/ ] "H$%A43)* Q
"#A%S$/'&* © "#$%4433* IFI -
%%.94N Q "#$%4438&* Eg
"#4%3$/'[*N Q "HP%&E*** A\ z iIF< %.%
"#4%S$/'4*N NG 598 ((* a 5
A%/ +*N s "H$%& () \ -.38,& \ ioFr %
"HAYS/ S QS 1230 | 10+ \ :
"HAYS/I(* o n .
"$4%S1])* @, %+ S99 o, 5385
“$A%$//3* e ReY°°3 SIdIIIIT
ARS8 | LS8y 3 PR
S 2222y 3 S rgeees
.. zZ =
BebrLpTEE3H35 — O HH—
E@E@Fa;;géﬁo\“\( 890 v ,890 —
SR S °° > X _? _ <
SIS TS S 2 < R
#xaxsyIy # A
<
I"#$%& ' %()*+,07 J
>J?@!AABC)*+,D-7
=6BJHWB9BC)$")@HCTIB)]0N&_R/--77
5 6 7 %
> ?@!AABC)*+,-4/ > ?2@!AABC)*+,0/- > ?2@!AABC)*+,-7 > ?@!AABC)*+,0:/
A<+71 "10+4-,4/ "10+DD-D/ [ " 10+.7-0/
%Ay S E S+ HISH " H#%63)/
"HYo4) S -)(& E 89%#)"$ M.65(
HYd) IR ~)(3 E ARV 8%#)"4 %9483
"#%A43((* A A "#P%&/ (+* 8%0#)"™ %9#8+*
"H#%A43()* [ 9] |» "H%&I($* 89%6#)"+ %9#8+$
1<l A L] ) [] S 8%#)"3 | %0#8++ A
10+4-7i0 [ [ ] 10+DD:/ | %0#8+4
X x oy %k W w ' 10+.7:0/
SEHLRLT - bk - o+, xobd <i o
PRS2SR i33e3. ¥ SEEEEEig ssbebBmis
e T T F T ==+ S8R CHERREROSL
DR o BB T T T o tono005 4 N as8t
o, ®FH -0 = # o ESSIRES 5 &
= = N = 2 o #H O
a4 AL AARS AR 4 -
< 890 _ 89: —
5 : e — -
,890
E6BJHWBIBC)$")@HCTIB)|0M&_R/:;:- _
P > ?@!AABC)*+,:-4
23< I
11"$
-354"8 | . Supplemental Figure 10. Coexpression pattern of seven putative
-.3x4 Q . . . .
% 4 :Hi‘ - BGCs in plants. Heatmaps depict the correlation of co-expression of
3 RS BGCs predicted by antiSMASH (A-C) and EC-mapping (D-H). Pairs of
& gy TS-CYPs are shaded in associated heatmaps. Diagonal numbers within
o LS heatmaps indicate MR score; squares are empty if MR = 100. Clustered
N gy el genes are bolded in heatmap and colored red in the accompanying
,901"& chromosome segments. Scale bars are in kilobase pairs. BGCs that
A > - overlap with modules by three genes or more are indicated with symbols
"4, 901 \ > * 1t 1.
wio< [ (Supports Figure 9.)
> o >
3 = Ly
Yo o+ = o L go@
553709248555 O
TahtTh by hSh
. S IS AR B -

o/

Y6BIHWBIBC)$")@HCTIB)|DA)& R/--/;




